Introduction
============

Thrombocytopenia is a common complication of liver cirrhosis and is an intractable issue when performing invasive procedures ([@b1-ol-07-06-2130],[@b2-ol-07-06-2130]). When cirrhotic patients with severe thrombocytopenia undergo elective invasive procedures for hepatocellular carcinoma (HCC), \~60% of the patients require treatment for thrombocytopenia, including platelet transfusions, partial splenic embolization or splenectomy ([@b2-ol-07-06-2130]). However, platelet transfusions carry the risk of anaphylactic shock, infection and transfusion-related acute lung injuries. Partial splenic embolization may lead to splenic abscesses. In addition, splenectomy may result in splenic vein thrombosis and overwhelming post-splenectomy infections. Thus, a non-invasive therapeutic strategy for thrombocytopenia is required for cirrhotic patients with HCC.

Eltrombopag is an oral thrombopoietin (TPO)-receptor (R) agonist that stimulates megakaryocytes and thus, increases platelet counts in patients with idiopathic thrombocytopenic purpura ([@b3-ol-07-06-2130]). Since decreased plasma levels of TPO, in addition to hypersplenism, are major pathogenic features of cirrhosis-related thrombocytopenia ([@b1-ol-07-06-2130]), eltrombopag appears to improve thrombocytopenia in cirrhotic patients. Furthermore, eltrombopag has previously been reported to increase platelet counts and thus, enables subsequent interferon treatments and invasive procedures in cirrhotic patients with severe thrombocytopenia ([@b4-ol-07-06-2130]--[@b6-ol-07-06-2130]).

TPO is known as a megakaryocyte growth and development factor that leads to megakaryocyte proliferation. In addition, TPO induces the proliferation of various cell types that express the TPO-R. In the liver, the TPO-R occurs in hepatic progenitor cells ([@b7-ol-07-06-2130]) and hepatic sinusoidal endothelial cells ([@b8-ol-07-06-2130]). In addition, TPO induces the proliferation of these two cell types ([@b7-ol-07-06-2130],[@b8-ol-07-06-2130]). Since hepatic sinusoidal endothelial cells and hepatic progenitor cells are crucial in the development and progression of HCC, the effect of eltrombopag on the proliferation of HCC is significant.

The current report presents two cases of HCC with cirrhosis-related thrombocytopenia. In these two cases, eltrombopag treatment increased platelet counts without any concomitant changes in the serum levels of tumor markers or HCC size. The HCCs were subsequently treated by curative radiofrequency ablation (RFA) without platelet transfusions or serious bleeding. Patient provided writted informed consent.

Case report
===========

Case 1
------

In 2008, a 65-year-old male patient was referred to the Kurume University Hospital (Kurume, Japan) for the treatment of hepatitis C virus (HCV)-related liver cirrhosis. The patient had a history of esophageal varices rupture (that occurred in 1993) and HCC, which was treated by transcatheter hepatic arterial chemolipiodolization with embolization in 2007.

The patient was treated with ursodeoxycholic acid, glycyrrhizin and nutritional therapy, including branched-chain amino acid granules. However, in 2009, a regular abdominal ultrasound revealed a hypoechoic lesion with a maximum diameter of \~15 mm in Couinaud segment 5 of the liver. The lesion showed decreased contrast uptake in the hepatocyte phase as determined by gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (EOB)-enhanced magnetic resonance imaging (MRI) scan ([Fig. 1A](#f1-ol-07-06-2130){ref-type="fig"}). Additionally, an aspiration tumor biopsy revealed that the lesion was a well-differentiated HCC. The HCC was a single nodule and the patient's Child-Pugh score was 7 points. Although RFA was selected as a therapeutic strategy for HCC, the patient's platelet count (4.8×10^4^ /μl) revealed severe thrombocytopenia.

The risks and benefits of participation in the phase II study were explained to the patient ([@b5-ol-07-06-2130]); this study aimed to investigate the efficacy and safety of eltrombopag in patients with thrombocytopenia. Written informed consent was obtained and 25.0 mg eltrombopag was subsequently administered to the patient. The patient's platelet count increased from 4.8 to 11.3×10^4^ /μl during the administration of eltrombopag ([Fig. 2A](#f2-ol-07-06-2130){ref-type="fig"}; gray area). Following the termination of eltrombopag treatment, the platelet count continued to increase to 21.7×10^4^ /μl at three weeks since the initiation of eltrombopag treatment. No significant changes were observed in the serum levels of α-fetoprotein and des-γ-carboxy prothrombin ([Table I](#tI-ol-07-06-2130){ref-type="table"}) or HCC size ([Fig. 1B](#f1-ol-07-06-2130){ref-type="fig"}). The HCC was curatively treated by RFA without platelet transfusion or serious bleeding at three weeks following initiation of the eltrombopag treatment.

Case 2
------

In 2005, a 61-year-old female patient was referred to the Kurume University Hospital for the treatment of HCV-related liver cirrhosis. The patient was treated with ursodeoxycholic acid and glycyrrhizin. However, the hepatic fibrosis gradually progressed. In 2009, a regular abdominal ultrasound revealed a hyperechoic lesion with a maximum diameter of \~7 mm in Couinaud segment 4 of the liver. An EOB-MRI scan revealed contrast enhancement of the lesion during the early phase ([Fig. 1C](#f1-ol-07-06-2130){ref-type="fig"}). The lesion was subsequently diagnosed as a well-differentiated HCC via an aspiration tumor biopsy. The HCC was a single nodule and the patient's Child-Pugh score was 8 points. RFA was selected as a therapeutic strategy for the HCC, however, the patient's platelet count decreased to 4.5×10^4^ /μl.

The risks and benefits of participation in the phase II study were explained as previously described ([@b5-ol-07-06-2130]). Written informed consent was obtained and 25.0 mg eltrombopag was subsequently administered to the patient. The platelet count increased from 4.5 to 23.2×10^4^ /μl during eltrombopag treatment ([Fig. 2B](#f2-ol-07-06-2130){ref-type="fig"}; gray area). Following the termination of eltrombopag treatment, the platelet count increased further to 38.7×10^4^ /μl (three weeks since the initiation of eltrombopag treatment). No significant changes were observed in the serum levels of α-fetoprotein and des-γ-carboxy prothrombin ([Table I](#tI-ol-07-06-2130){ref-type="table"}) or in the HCC size ([Fig. 1B](#f1-ol-07-06-2130){ref-type="fig"}). At three weeks following the initiation of eltrombopag treatment, the HCC was curatively treated by RFA without platelet transfusion or serious bleeding.

Discussion
==========

The effect of eltrombopag on the progression of malignant neoplasms is an important issue. The current report presents two cases of HCC with cirrhosis-related severe thrombocytopenia. The administration of eltrombopag increased the platelet count in these two cases without inducing significant changes in the serum levels of tumor markers or HCC size. These HCCs were successfully treated by RFA without platelet transfusions or serious bleeding. The observations from these cases may indicate that the short-term administration of eltrombopag does not affect the progression of HCC and may be useful when administered prior to invasive procedures in cirrhotic patients with thrombocytopenia.

In the present study, eltrombopag treatment significantly increased platelet count, which subsequently resulted in successful RFA therapy and the avoidance of platelet transfusions. These beneficial observations are consistent with those of previous reports. Eltrombopag has previously been shown to improve thrombocytopenia and permit interferon therapy in patients with cirrhosis that is associated with HCV infection ([@b6-ol-07-06-2130]). More recently, eltrombopag has been reported to reduce the requirement for platelet transfusions in cirrhotic patients who have undergone elective invasive procedures ([@b4-ol-07-06-2130]). The study included patients with HCC, however, no monitoring of tumor markers or HCC size was performed, which was conducted in the present study. Thus, eltrombopag may replace platelet transfusions, partial splenic embolization or splenectomy when elective invasive procedures are performed on cirrhotic patients with thrombocytopenia.

In the current two cases, thrombosis did not develop during or following eltrombopag treatment. However, certain previous clinical trials have reported that invasive procedures increase the risk for the development of thrombosis, even in cirrhotic patients with thrombocytopenia ([@b4-ol-07-06-2130],[@b5-ol-07-06-2130]). The risk is proportional to the increasing platelet counts of \>200,000/mm^3^, which was avoided in the present study by close monitoring of the patients. Although the reason for the development of thrombosis remains unclear, von Willebrand factor levels have been found to increase as an adaptive mechanism in response to reduced platelet adhesion abilities in cirrhotic patients ([@b9-ol-07-06-2130]). Additionally, an increase was identified in the platelet formation of isoprostanes, which promote platelet activation via the upregulation of proaggregatory factors in cirrhotic patients ([@b10-ol-07-06-2130],[@b11-ol-07-06-2130]). Alternatively, impaired liver function may be involved in the development of thrombosis, since the majority of eltrombopag is eliminated in the liver ([@b12-ol-07-06-2130]). Higher plasma concentrations of eltrombopag were observed in patients with Child-Pugh class B when compared with patients with Child-Pugh class A ([@b5-ol-07-06-2130]). Thus, patients must be vigilant for signs of thrombosis, in particular those with advanced liver cirrhosis, during eltrombopag treatment.

Hepatic progenitor cells and hepatic sinusoidal endothelial cells express TPO-R, in addition TPO induces the proliferation of these two types of cells ([@b7-ol-07-06-2130],[@b8-ol-07-06-2130]). Furthermore, TPO-R is expressed in hepatoma cell lines, such as Huh7, Hep3B and HepG2 ([@b13-ol-07-06-2130],[@b14-ol-07-06-2130]); these observations indicate that eltrombopag may accelerate the progression of HCC. Although eltrombopag has been administered to treat tumor-bearing patients ([@b4-ol-07-06-2130],[@b15-ol-07-06-2130]), the effect of eltrombopag on tumor progression has not previously been reported. In the present study, it was demonstrated that short-term eltrombopag treatment did not accelerate the progression of HCC. Although, from the results of the two cases the possibility that long-term administration of eltrombopag may accelerate tumor progression cannot be dismissed; however, subsequent findings may support the hypothesis that short-term administration of eltrombopag does not accelerate the proliferation of HCC.

TPO-R expression has previously been found to be lower in hepatoma cell lines compared with expression in primary hepatocytes ([@b14-ol-07-06-2130]) and HCC tissues do not express TPO-R ([@b13-ol-07-06-2130]). In addition, TPO does not activate the extracellular signal-regulated kinases 1/2 or the signal transducers and activators of transcription 3 and 5 pathways, or affect the proliferation, migration or invasion of Huh7 cells ([@b14-ol-07-06-2130]). Furthermore, TPO does not upregulate Bax, Bcl-2 or cleaved caspase 3 and does not induce anti-apoptotic effects in Huh7 cells ([@b14-ol-07-06-2130]). Finally, in a previous xenograft experiment, no significant differences were identified in the tumor volume, tumor appearance and histological morphology of Huh7 cells that were treated with or without TPO ([@b14-ol-07-06-2130]). Thus, the short-term administration of eltrombopag may not accelerate tumor progression.

In conclusion, the present study described two cases of HCC with cirrhosis-related thrombocytopenia. Eltrombopag treatment increased the platelet count in the two cases and resulted in successful RFA treatments without platelet transfusions or serious bleeding. Additionally, no changes were observed in the serum levels of tumor markers or HCC size. Although eltrombopag is not currently used for the treatment of thrombocytopenia in patients with chronic liver disease undergoing invasive procedures, the observations of the present study indicated that the short-term administration of eltrombopag may not accelerate the progression of HCC and may be beneficial for HCC treatment in cirrhotic patients with thrombocytopenia.
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![Effect of eltrombopag on HCC size. (A) MRI scan showed a space-occupying lesion with a maximum diameter of \~15 mm in Couinaud segment 5 of the liver. The lesion showed decreased contrast uptake in the hepatocyte phase following injection of EOB. (B) Two weeks following the eltrombopag treatment, ultrasonography showed a hypoechoic lesion with a maximum diameter of \~15 mm in Couinaud segment 5 of the liver. (C) MRI scan showed a space-occupying lesion with a maximum diameter of \~7 mm in Couinaud segment 4 of the liver. The lesion showed contrast enhancement in the early phase following injection of EOB. (D) Two weeks following the eltrombopag treatment, ultrasonography showed a hyperechoic lesion with a maximum diameter of \~8 mm in Couinaud segment 4 of the liver. HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; EOB, gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid.](OL-07-06-2130-g00){#f1-ol-07-06-2130}

![Changes in platelet count following the initiation of eltrombopag treatment. (A) In case 1, the platelet count increased from 4.8 to 11.3×10^4^ /μl during eltrombopag treatment (gray area). Following the termination of eltrombopag treatment, the platelet count increased to 21.7×10^4^ /μl (three weeks since the initiation of eltrombopag treatment). (B) In case 2, the platelet count increased from 4.5 to 23.2×10^4^ /μl during eltrombopag treatment (gray area). Following the termination of eltrombopag treatment, the platelet count increased further to 38.7 ×10^4^ /μl (three weeks since the initiation of eltrombopag treatment).](OL-07-06-2130-g01){#f2-ol-07-06-2130}

###### 

Changes in biochemical parameters during the course of eltrombopag treatment.

                                                   Following eltrombopag initiation                               
  ----------------------------------- ------------ ---------------------------------- ------ ------ ------ ------ ------
  Red blood cells, ×10^4^/mm^3^       430--570     383                                368    352    394    369    358
  Hemoglobin, g/dl                    14.0--18.0   12.5                               11.7   11.5   13.1   12.3   12.1
  White blood cells, /mm^3^           4000--9000   2200                               2500   2600   3800   4200   5200
  Platelets, ×10^4^/mm^3^             13--36       4.8                                11.3   21.7   4.5    23.2   38.7
  Aspartate transaminase, U/l         13--33       102                                67     60     46     35     36
  Alanine aminotransferase, U/l       8--42        96                                 64     49     35     24     22
  Lactate dehydrogenase, U/l          119--229     285                                216    249    298    344    341
  Alkaline phosphatase, U/l           115--359     352                                372    339    278    245    301
  γ-glutamyl transpeptidase, U/l      10--47       29                                 28     27     25     27     39
  Total protein, g/dl                 6.70--8.30   8.09                               7.74   7.59   7.71   7.17   7.34
  Albumin, g/dl                       4.00--5.00   2.83                               2.69   2.59   3.23   2.91   2.87
  Total bilirubin, mg/dl              0.30--1.50   1.19                               0.99   0.64   2.09   1.99   1.40
  Prothrombin activity, %             60--130      64                                 59     69     70     66     73
  Prothrombin activity, INR           0.87--1.25   1.32                               1.40   1.27   1.25   1.29   1.22
  BUN, mg/dl                          8.0--22.0    22.6                               21.5   25.4   15.0   15.3   20.2
  Creatinine, mg/dl                   0.60--1.10   1.00                               0.96   1.21   0.64   0.68   0.81
  Sodium, mEq/l                       138--146     137                                136    136    139    138    134
  Child-Pugh score                                 7                                  7      7      8      8      7
  MELD score                                       10                                 10     11     12     12     10
  α-fetoprotein, ng/ml                \<8.7        23.0                               21.8   26.2   27.8   30.5   23.9
  Des-γ-carboxy prothrombin, mAU/ml   \<40         16                                 14     20     45     35     30

BUN, blood urea nitrogen; MELD, model for end-stage liver disease; INR, international normalized ratio.
